Vascular compression at the region of the rostral ventrolateral medulla (RVLM) oblongata was reported as a possible cause of hypertension. Seventyone patients with severe essential hypertension and 51 control subjects were examined by magnetic resonance (MR) imaging in a blind manner. As no significant differences were found in the prevalence of neurovascular compressions among the groups, vascular compressions at the examined area seem to be a nonspecific finding unrelated to hypertension.
The RVLM is an important brain stem centre that controls blood pressure. Based on neurosurgical observations, Jannetta 1 put forward a hypothesis proposing neurovascular compression of the RVLM to be a source of arterial hypertension. He also reported that surgical treatment of the neurovascular compression at the left RVLM relieved hypertension. To date, articles describing small series of hypertensive patients treated by surgical decompression have been published. 2, 3 MR examination represents the best available assessment of neurovascular contacts. However, the results of published MR studies widely differ. A central issue is whether neurovascular compression of the RVLM is a cause or rather a consequence of hypertension because high blood pressure may result in elongated arteries, leading to neurovascular compression.
The aim of our research was to evaluate the prevalence of neurovascular compression at the RVLM in patients with severe essential hypertension and normotensive control subjects by means of a blind MR study. We included patients having hypertension for at least 2 years and who had been treated by a combination of three or more antihypertensive drugs. All of them had documented systolic blood pressure X180 mm Hg and/or diastolic blood pressure X110 mm Hg. Secondary hypertension was ruled out in all patients. Screening examinations included: urinalysis, blood urea nitrogen and creatinine; vanillylmandelic acid, epinephrine and norepinephrine in the 24-h urine collection; plasma aldosterone/plasma renin activity ratio (ARR); ultrasound kidney examination along with Doppler examination of the renal arteries. Six patients with elevated ARR were included after expressing a negative saline suppression test. By reason of inconclusive screening tests, 32 of the included patients underwent renal angiography with negative results.
The control subjects had no history of hypertension or other diseases, which may affect blood pressure. Their resting blood pressure values were repeatedly below 140/90 mm Hg without any medical therapy, which may lower blood pressure. The study received approval by the institutional review board. Informed consent was obtained from all subjects involved.
MR examinations were performed on a 1.0 Tesla system (Magnetom Expert; Siemens, Erlangen, Germany) with a quadrature transmit/receive head coil. An axial three-dimensional Constructive Interference in Steady State sequence with voxel size 1.0 Â 0.7 Â 0.4 mm and three-dimensional Time of Flight sequence with voxel size of 0.8 Â 0.7 Â 0.4 were performed. The MR studies were independently evaluated by two radiologists who were blinded as to the relevant clinical data. In case of a disagreement between the reviewers, the case was subjected to consensual interpretation. The definition of the RVLM reflected the anatomic extent of the IX and X cranial nerve root entry zone, which measures 1 cm in rostrocaudal direction. In the axial plane, the RVLM was confined to the retro-olivary sulcus. The anterior border was defined as the transition of the posterior olivary convexity to the concavity of the retro-olivary sulcus. The posterior border was situated at the root entry zones of the IX and X cranial nerve fibres.
Differences in the means of continuous variables (age, body mass index (BMI)) between hypertensives and controls were analysed by the Student's t-test for independent samples; homogeneity in the variances of continuous variables was verified by the F-ratio test. The Pearson's w 2 test was used to test for homogeneity of the frequency of compressions between studied groups. STATISTICA (StatSoft 1995) and R (Development Core Team, 2003) software were used for statistical analysis.
We included 71 hypertensive and 51 normotensive subjects in our study. There were no significant differences between studied groups in mean age, mean BMI or gender distribution as well as no significant differences in the variance of age and BMI. When assessing MR examinations, consensual interpretation between the two readers was required in 22 (18%) out of 122 examined subjects. There were no significant differences found between hypertensive patients and controls in respect to neurovascular compressions at any level (w 2 test: P ¼ 0.280 for any compression, P ¼ 0.992 for RVLM compression, P ¼ 0.847 for left RVLM compression). As the groups were homogenous in gender, age and BMI, unadjusted odds ratios of compression for hypertensives in relation to normotensives are presented in the Table 1 . Finally, when stratifying subjects according to gender and age, no significant differences in compression distribution between normotensives and hypertensives were found. The posterior inferior cerebellar artery was the most common offending vessel at the RVLM (in 64% cases), followed by the anterior inferior cerebellar artery (24%) and the vertebral artery (12%).
Although many studies focusing on the prevalence of neurovascular compression in hypertensive patients have been published, they have produced inconsistent results. In two studies 4, 5 compression at the left RVLM was associated with hypertension, whereas in another study 6 increased prevalence of both left-and right-sided compressions was described in hypertensive patients. An increased rate of compressions at the RVLM in hypertensive patients was not found by other researchers. [7] [8] [9] [10] In the largest published study, 11 no difference was observed in the prevalence of compression in the left RVLM between hypertensive and normotensive subjects, but the difference became significant when assessing RVLM bilaterally.
There are several dilemmas in the published studies. Firstly, some of them were retrospective, 7, 8 some non-blinded 5, 7 and underpowered. [4] [5] [6] An important source of inconsistencies may be the definition of the RVLM. The extent of the RVLM was often vaguely anatomically defined, 4, 9 if mentioned at all, 7 and therefore was poorly reproducible. MR technology used by some previous investigators 4-9 had low spatial resolution. The inclusion and exclusion criteria were frequently imprecise. [7] [8] [9] Furthermore, previous studies were not focused on patients with severe hypertension. As arterial hypertension is an arbitrarily defined risk factor, inclusion of mildly hypertensive patients may affect the results. Moreover, any neurosurgical operation can be considered only in patients with severe hypertension.
Our study was a blind comparison of prospectively collected high-resolution MR images in 71 patients with severe essential hypertension and 51 control subjects. Owing to the uncertainty of the functional symmetry of the RVLM, we first assessed the prevalence of neurovascular compressions bilaterally, and then left-sided findings only. We did not find any difference in the prevalence of neurovascular compression at the RVLM between the hypertensive and the control group. Our results do not support the hypothesis of neurovascular compression at the RVLM as an aetiological factor of arterial hypertension. If hypertension were the cause of neurovascular compression, one would expect a higher prevalence of neurovascular compression in the hypertensive group at any location of medulla oblongata. Yet our results do not support even this assumption; so-called neurovascular compression is very frequent in both groups and apparently independent of the presence of hypertension.
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What this study adds Increased prevalence of neurovascular compressions was not found in patients with severe essential hypertension as compared to normotensive controls. Neurosurgical decompression in hypertensive patients cannot be recommended on the basis of MR examination.
